with good reported rates of pain relief. 1, 3, 7, 10 In patients with idiopathic TN, GKS reportedly produces excellent pain relief 6, 8, 13, 15 that is comparable to the relief obtained with percutaneous procedures; however, fewer successful cases have been reported in patients with MS. 16 The goal of this study was to compare outcomes following GKS and PRGR in patients with MS who were treated for TN at our institution.
Methods

Data Collection and Analyses
This retrospective study was approved by the local institutional ethics committee. Patients were included in the study if they had undergone their first intervention for MS-related TN (either GKS or PRGR) at our institution between January 2004 and December 2009. All patients had proven MS based on clinical and radiological criteria. Four neurosurgeons were involved in the care of the patients, and treatment was chosen according to patient and physician preference as well as the severity of the patient's pain. Glycerol rhizotomy is the only percutaneous procedure performed at our institution. In general, patients with severe acute pain were offered PRGR. Patients experiencing V1 pain were treated with GKS, because of the relative difficulty in affecting V1 sensation with PRGR. Data were collected by a physician who was not directly involved in the patients' care. The study data included patient demographics, technical procedural details, pain relief outcomes, and treatment-related morbidity; these were obtained by reviewing patient medical records and by phone interviews with patients. Pain outcome was rated using the BNI Pain Scale, in which the following scores apply: I, no trigeminal pain with no medication; II, occasional pain that requires no medication; IIIa, no pain and medication is used; IIIb some pain, which is adequately controlled using medication; IV, some pain, which is not adequately controlled using medication; and V, severe pain that has no relief even with medication.
14 Statistical analyses were performed using commercially available software (SPSS version 16.0, SPSS Inc.).
Gamma Knife Surgery
Twenty-seven patients underwent GKS as their first procedure. The median age of these patients at GKS was 59 years (range 42-78 years); 15 patients were female and 12 were male. These patients had suffered from TN for a median of 60 months (range 12-276 months). Fifteen patients had pain on the right side and 12 had pain on the left side. The most commonly affected nerve roots were V2 and V3. The pain was considered typical in 13 patients (paroxysmal electric-shock pain) and atypical in 14 (constant pain with or without superimposed paroxysmal episodes). Table 1 displays a comparison of demographic and clinical data in both groups of patients.
After consent had been obtained for the procedure, patients received local anesthesia with conscious sedation, and a Leksell G stereotactic frame (Elekta Instruments AB) was installed on the head. Patients were then transported to the MR imaging suite so that we could obtain a volumetric contrast-enhanced magnetizationprepared rapid acquisition with gradient echo sequence, which was used for dosimetry planning. A CT myelogram was obtained in 2 patients in whom MR imaging was contraindicated. The trigeminal nerve was targeted in its cisternal segment by using a single 4-mm isocenter. A maximum radiation dose of 80-90 Gy was delivered to the nerve. The isocenter was placed as close as possible to the root entry zone, with the goal of keeping the dose to the brainstem lower than 20 Gy. Nineteen patients were treated with a dose of 80 Gy, 7 patients with 85 Gy, and 1 patient with 90 Gy. In two-thirds of patients there was clear MR evidence of pons demyelination, and interestingly, in 2 patients there was evidence of trigeminal vascular compression. All patients were treated by using a Leksell Gamma Knife model 4C (Elekta Instruments AB). After the procedure, the patients were observed for 30 minutes and then discharged on the same day. Details of the radiosurgery procedure are shown in Table 2 .
Glycerol Rhizotomy
Eighteen patients underwent PRGR as their first procedure ( Table 1 ). The median age in this group of patients was 56.5 years (range 41-79 years); 9 patients were male and 9 were female. The patients had suffered from TN for a median of 48 months (range 12-240 months). Again, V2 and V3 were most commonly involved, and the TN was equally distributed between the right and left sides. Typical pain was present in 7 patients and atypical pain in 11 patients. All patients underwent MR imaging before the procedure, and plaque was seen in the pons in 16 patients. The patients were transported to the operating room. The procedure was conducted using local anesthesia with conscious sedation, and constant cardiorespiratory monitoring was performed by the anesthesiologist. Patients were placed supine. With the aid of fluoroscopic guidance, a 22-gauge spinal needle was inserted through the foramen ovale using standard cutaneous landmarks. Upon entering the foramen, mild jaw contraction and pain reproduction were expected. Egress of cerebrospinal fluid from the needle could be seen in 13 patients. The patients were then placed in the sitting position, and cisternography was performed using iohexol dye (Omnipaque, GE Healthcare). The volume of the Meckel cave was noted. After the dye had been washed out, we slowly injected 99% pure glycerol while again noting pain reproduction and facial paresthesia. Bradycardia was observed in 5 patients during the injection. The total volume of injected glycerol was based on the volume of the Meckel cave (plus 0.1 ml to account for dead space in the needle lumen) and the appearance of sensory symptoms. The volume of glycerol varied between 0.4 and 1.0 ml, with most patients receiving 0.6 ml or less. Afterward, the needle was withdrawn, and the patients were kept in the sitting position for 2 hours. Patients were discharged from the hospital on the following day. Table 3 reports the operative details in patients who underwent PRGR.
Results
Gamma Knife Surgery
The median follow-up time after GKS was 39 months (range 13-69 months). Satisfactory pain relief (BNI Pain Scale Score I -IIIb) was achieved in 22 patients (81.4%). The median time to optimal pain relief was 6 months (range 0.5-13 months). Fourteen patients (51.9%) eventually experienced pain recurrence; the median time to recurrence was 26.5 months. According to Cox regression analyses, treatment doses higher than 80 Gy were associated with an increased likelihood of pain relief (p = 0.003) and lower rates of pain recurrence (p = 0.002).
The presence of pontine plaque (detected on MR images) or atypical pain had no impact on treatment outcomes.
Twelve patients underwent additional procedures (GKS in 2 patients and PRGR in 10 patients) for unsatisfactory initial relief (3 patients) or pain recurrence (9 patients). Five patients declined additional procedures. At the time of the last follow-up examination, 23 patients (85.2%) reported satisfactory pain control. Table 4 displays comparative pain relief rates between the GKS and PRGR groups. Figure 1 details the final outcomes in patients who underwent GKS.
After GKS, 6 patients (22.2%) reported some form of new trigeminal neuropathy. According to the BNI Facial Numbness Scale, 14 this was Score 2 (mild and not bothersome) in 4 patients and Score 3 (moderate, somewhat bothersome) in 2 patients. No patient reported severe and very bothersome numbness related to the procedure.
Percutaneous Glycerol Rhizotomy
The median follow-up time after PRGR was 38 months (range 2-75 months). Every patient (100%) experienced immediate (≤ 24 hours after the procedure) pain relief (BNI Pain Scale Score I in 8 patients and IIIa in 10 patients) ( Table 4 ). Seven patients (38.9%) eventually experienced pain recurrence, at a median of 17 months. Ac- No other surgical finding, MR imaging finding, or type of pain had any impact on outcome. Six patients required additional surgery for pain recurrence (repeated PRGR in 5 patients and repeated PRGR and GKS in 1 patient). One patient declined further surgery. Figure 2 details outcomes of patients in the PRGR group. Overall, satisfactory pain relief was achieved in 16 patients (88.9%) as of the last follow-up examination.
Morbidity from the procedure occurred in 12 patients (66.7%). Sensory side effects were experienced by 11 patients (61.1%) after PRGR. These were reported as BNI Facial Numbness Scale Score 2 by all of these patients. In 2 of the patients the corneal reflex on the operated side was abolished. One patient (5.6%) suffered from bacterial meningitis after PRGR; this resolved without complication after appropriate antibiotic treatment. The causal organism was Streptococcus viridans, and the illness was probably caused by an inadvertent and unrecognized intraoral mucosal breach during the procedure.
Discussion
As previously stated, TN occurs with greater frequency in patients with MS and is often more difficult to treat in them than it is in the general population. Gamma Knife surgery has been reported to provide pain relief in 60%-80% of treated patients in several large series; 6, 8, 13, 15 MS has been reported to be a negative predictive factor in most cases. In a review of 365 patients treated by GKS for TN by Verheul et al., 16 31 patients had MS. Only 46% of patients with MS obtained adequate pain relief at 5 years, compared with 75% of patients with idiopathic TN. Articles focusing on GKS for MS-related TN are few in the literature. Huang et al. 5 reported outcomes in 7 patients with MS who underwent GKS for TN. All of the patients became pain free after a delay of 1 day to 8 months. Four patients (57%) had numbness as a consequence of the treatment. Zorro and colleagues 17 reported the University of Pittsburgh experience of 37 patients. They achieved complete pain relief in 62.1% of patients and reasonable pain control (BNI Pain Scale Scores I-IIIb) in 97.3%, within 90 days of radiosurgery. Recurrent pain occurred in 37.8% of patients. Sensory morbidity was noted in 5.4% of patients. Our results after GKS are similar to those reported by Zorro and colleagues, although the time to pain relief was longer in our series. We have no explanation for this longer time, because our patient population and treatment parameters were similar to those in their study. It may be related to the underlying pathophysiology of the disease. A longer time to response was also noted by Huang et al. 5 According to our findings and congruent with results in other series, the prognosis for pain relief after GKS in patients with MS appears similar to what is reported in idiopathic cases, although recurrence rates seem higher in patients with MS. 3 Percutaneous rhizotomy has long been used to treat TN in patients with MS, because of the relative contraindication to microvascular decompression. Kondziolka et al.
7 described 53 patients who underwent PRGR in this setting. Long-term complete pain relief was achieved in 59% of patients, and an additional 16% of patients only required occasional medication. Pickett et al. 11 performed PRGR in 53 patients; immediate complete pain relief was obtained in 78% and partial relief in an additional 13%. Pain recurrence was reported by 59% of patients. Twentyfour patients underwent repeated PRGR with pain control rates similar to those of the first procedure. In our experience, PRGR produced pain relief in all of our patients. At the last follow-up examination, 89% of patients had satisfactory pain control. This compares favorably with previously published results. We observed a significantly higher rate of permanent sensory changes in our series than rates reported in other papers. This is probably related to the high volume of injected glycerol used in our series.
Based on our results, it seems that both GKS and PRGR can be satisfying surgical solutions for patients with MS who suffer from intractable TN. Since those patients will likely require multiple procedures due to pain recurrence, we offer GKS as the first-line therapy to most patients. We do this because GKS is associated with lower rates of overall sensory morbidity and to avoid the long-term risk of deafferentiation pain. The majority of patients can tolerate the latency period before the treatment effect. For patients with excruciating pain that interferes with oral intake, PRGR should be the option of choice to afford fast relief. Both options need to be discussed with patients, however, emphasizing the risks and benefits and taking into account individual clinical features and patient choice.
Our study suffers from some limitations. First, our patient sample is small due to the relative rarity of the disease in this specific situation. Second, the retrospective nature of our study makes the study subject to a recall bias and limited to available data in the patient charts. Finally, the treatment allocation to groups was not random, but rather based on clinician and patient preference. Despite these limitations, we believe that our results are valid and will help physicians involved in the care of these difficult-to-treat patients. A prospective randomized study designed to compare GKS and PRGR in patients with MS would certainly be of value to strengthen these results.
Conclusions
Gamma Knife surgery and PRGR are both satisfactory treatment strategies for patients with MS who suffer from intractable TN. Most patients treated with GKS will obtain pain relief after a latency period, which can last many months. Glycerol rhizotomy achieves pain relief faster and more efficiently than GKS, but carries higher overall risks and sensory morbidity. We propose that patients with MS-related TN who are in acute pain undergo PRGR first to produce fast pain relief. For other patients, the choice of treatment should be made based on patient preference and expectations. In the long term, it is possible to achieve satisfactory pain relief for most patients independent of the original surgical strategy, by repetition of treatment or by switching to the other procedure as needed.
